Lymphatic filariasis caused mainly by infection from W. bancrofti and B. malayi remains a major cause of clinical morbidity in tropical and subtropical countries. Analysis of B.malayi mf, infective larval and adult worm lysates for the activity of enzymes led to the demonstration of activities of three key enzymes of carbohydrate metabolism viz., Malate dehydrogenase (MDH), Malic enzyme (ME) and Glucose-6-phosphate dehydrogenase (G6PDH) in all the three stages of the parasite. The specific activity of all the three dehydrogenases was significantly high in mf lysate compared to their activity in lysates of the other two stages (P<0.001). Analysis by native polyacrylamide gel electrophoresis (PAGE) using 7.5% non-gradient gel showed the presence of two isoforms of each of the three enzymes (MDH, ME & G6PDH) in mf lysate, while only one form of each enzyme was present in L 3 larval and adult worm lysates. Further proteolytic enzyme activity was demonstrated both in microfilarial and infective larval lysates of B.malayi. While both mf and L 3 larval lysates showed optimal protease activity at alkaline pH of 9.0, the mf lysate showed increased activity also at pH 3.0. The infective larval lysate was markedly inhibited by Tosylamide -L-Phenylalanine chloromethyl ketone (TPCK), a thiol protease inhibitor, while the protease activity in mf lysate was significantly inhibited by both TPCK and a serine protease inhibitor Phenyl Methyl Sulphonyl Flouride (PMSF). In sodium do-decyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE), using gelatin copolymerized gel, the microfilarial lysate showed 3 protease molecules of 40 kDa, 180 kDa and 200 kDa and the L 3 larval lysate had 6 protease molecules of 18, 25, 37, 49, 70 and 200 kDa size.
INTRODUCTION
Lymphatic filariasis is a mosquito-borne disease of the tropics caused by infection with the nematode parasites Wuchereria bancrofti and Brugia malayi. In India, filariasis has been recognized as a disease of national importance because of continuous spread of the disease and protracted sufferings and disability caused in the affected population. India contributes to 40% cases of bancroftian filariasis in the global scenario (1) . Parasite components like enzymes having certain biological function that makes them essential for parasite survival are expected to have an important role in host parasite interactions and disease process. Enzymes of filarial and other parasites have been attractive targets to be explored for the development of diagnostic assays and vaccines. The presence of high titres of antibodies against the enzymes in infections indicates that the enzymes might be immunogenic and so need to be explored as diagnostic reagents (2) . Various enzymes have been detected and some of them have been purified from whole worm homogenates or excretory secretory products of filarial and other parasites. A full complement of the important enzymes of TCA cycle were shown to be present in Brugia pahangi and Dirofilarial immitis (3) . Cytosolic Malic enzyme (ME) and Malate dehydrogenase (MDH) were shown to be commonly present in helminth parasites (4, 5) . Isoenzymic forms of Lactate dehydrogenase (LDH) have been demonstrated in filarial nematode (Melanoma dessetae) indicating that they could be valuable tools for phylogenic studies.
Proteolytic enzymes of parasites have been given more attention than other enzymes as they are crucial for a parasite survival involved in many fundamental physiologic processes. They have been shown to mediate processes like tissue invasion, feeding, evasion of host immune response etc (6) . Some of the proteolytic enzymes of filarial parasites having crucial role to play in the survival of parasite have been identified. A membrane bound enzyme of Dirofilaria immitis microfilariae is believed to play a major role in protecting the parasite against antibody mediated cytotoxicity via cleavage of immunoglobulins (7) .
Collagenase activity was shown to be associated with ES products of B.malayi adult worms (8) . Filarial cystatins were shown to suppress the proliferation of human peripheral blood mononuclear cells (PBMC) and murine spleen cells. This suggests that filarial cystatins down regulate hosts cellular responses as a measure of adaptation to their parasitic life style. Considering diverse roles that these parasite enzymes could play in host parasite interactions and their possible use as drug targets or as diagnostic and prophylactic tools, the present explorative study was undertaken to analyze and characterize the dehydrogenases and proteases of human lymphatic filarial parasite B.malayi.
MATERIALS AND METHODS

Filarial parasites
B. malayi Infective larvae (L 3 ) were collected from infected Aedes aegypti mosquitoes following Baermann's technique (9) . Microfilariae were obtained by lavage of the peritoneal cavities of jirds (Meriones unguiculatus) with intraperitoneal B. malayi infection of 3 months or more duration. The mf were washed with RPMI 1640 medium, plated on sterile plastic petridishes and incubated at 37 0 C for 1 hr to remove jirds peritoneal exudate cells. The mf were collected from petridishes and washed with RPMI 1640 medium and adult worms were recovered from the infected amicrofilaraemic mastomys (Mastomys natalensis) at necropsy. The animals were sacrificed and dissected to collect adult worm from heart, lungs, kidney, testes and seminiferous tubules. The recovered worms were transferred to medium RPMI-1640.
B. malayi microfilarial, infective larval and adult worm lysates
B. malayi microfilarial lysate was prepared as described by Evan's et al. ( 10) . The mf were washed 3 times by suspension in ice cold Proline Balanced Salt Solution (PBSS) each time recovering them by centrifugation at 4 0 C (2000 x g) for 20 min. The mf were then suspended in a volume of enzyme stabilizer cocktail (2 mM Na EDTA, 2 mM E-amino caproic acid and 2 mM-dithiothreitol pH7.0) and subjected to freezing (30 sec) and thawing in liquid nitrogen. The soluble supernatant extract of lysed microfilariae was separated by high speed centrifugation at 25,000 x g for 25 min at 4 0 C. The protein content was estimated and the lysate was stored at -70 0 C until it is used.
B. malayi infective larval and adult worm lysates were prepared in a similar manner using about 2X10 3 L 3 larvae and about 500 male and female adult worm respectively.
Measurement of the activity of dehydrogenases
Enzyme malate dehydrogenase (MDH) (E.C.1.1.1.37) was assayed as described by Yoshida et al. (11) using 10mM L-malate substrate with 10mM NAD in 150 mM Tris-HCl buffer, pH 8.8. Malic Enzyme (ME) (E.C.1.1.1.40) and Glucose-6-phosphate dehydrogenase (G6PDH) (E.C.1.1.1.49) were assayed as described by McManus and Smith (12) using 150 mM L-Malate with 5 mM NADP in 300 mM Tris-HCl buffer pH 6.5 and 2 mM Glucose-6-phosphate substrate with 0.05 mM NADP in 100 mM Triethanolamine/HCl buffer pH 7.4 as substrates respectively.
The assays were carried out in 3 ml volumes at 25 0 C. The increase/decrease in the absorbance was recorded at 10 sec intervals for 3 min at 340 nm using spectrophotometer (Gillford). Enzyme activities were calculated using mm coefficient of 6.22 for NADH/ NADPH and results were expressed in "nmoles/ min/ mg of protein".
Analysis of enzymes dehydrogenases by polyacrylamide gel electrophoresis (PAGE)
B. malayi mf, L 3 or adult worm lysates (10 g/ 50 l/ well) were applied onto 7.5% polyacrylamide Gel (7.5 cm x 8.5 cm) and electrophoresed at 4 0 C for 6-8 hrs (13) . The gels were incubated in appropriate substrate solution at 37 0 C for 1 hour to visualize dark colored bands of enzymes as described by Siciliano and Shaw (14) .
Measurement of protease activity by azocoll assay
Proteolytic activity of mf and L 3 larval lysates was measured spectrophotometrically as described by Knox and Kennedy (15) with few modifications using chromogenic substrate azocoll. Eppendroff vials each containing 5mg azocoll in 0.5 ml of 0.05M PBS / Glycine-NAOH buffer (pH 9.0) were added with 25 l of different concentrations of mf or L 3 lysates and incubated at 37 0 C for 12 h. The undigested protein was removed by centrifugation and the absorbance of supernatant was measured at 520 nm as a measure of enzyme protease activity.
Effect of pH on protease activity
The effect of pH on protease activity in parasite against azocoll was tested over the range of pH 3-11 using 0.1M Citrate buffers (pH 3-5), 0.1M Citrate-phosphate buffers (pH 5-6.5), 0.1M phosphate buffers (pH 6.5-7.5), 0.1M Tris buffers (pH 7.5-9) and 0.1M GlycineNaOH buffers ( pH 9-11).
Effect of inhibitors on protease activity
The mf/ L 3 larval lysates (25 l) were incubated separately with 25 l of different inhibitors (1 mM EDTA / 0.1 mM PMSF / 0.2 mM TLCK/ TPCK) in 0.5 ml of PBS / Glycine-NaoH buffer (pH 9.0) containing 5 mg azocoll as substrate. After 12 hrs of incubation, the reaction mixtures were centrifuged and the absorbance of the supernatants was measured at 540 nm.
SDS-PAGE on Gelatin Co-polymerized gel for analysis of Proteases
SDS-PAGE was done according to Maizels et al. (16) . Mf or L 3 lysates (25 g in 25 l) were applied on a gradient gel of 5-15% incorporated with 0.1% gelatin and electrophoresed at 25 mA for 2 hrs. The gel was washed with 2.5% triton-x-100, incubated overnight at 37 0 C in 0.1 M PBS and stained with Coomassie blue stain. Protein bands with enzyme activity were detected as zones of enhanced transmission relative to regions were protein substrate remains unhydrolysed.
Statistical Analysis
The results of enzyme assays were analyzed by Students't' test.
RESULTS AND DISCUSSION
In parasitic infections enzymes are known to have important role as the effectors of biologically important phenomena (17) . Analysis of B. malayi mf, infective larval and adult worm lysates led to the demonstration of activities of the three key enzymes of carbohydrate metabolism viz., Malate dehydrogenase (MDH), Malic enzyme (ME) and Glucose-6-Phosphate dehydrogenase (G6PDH) in all the three stages of the parasite. The specific activities of these enzymes (Table 1) were significantly high in mf lysate compared to their activity in infective larval or adult worm lysates (P<0.001). Among the three dehydrogenases, MDH activity was significantly high compared to the other two enzymes in all three stages of the parasites (P<0.001). The presence of full complement of TCA cycle enzymes in B. pahangi and Dirofilaria immitis filarial parasites was earlier reported by Barret (3). The presence of cytosolic malic enzyme and MDH was shown to be a common feature among helminth parasites (4, 5) .
In the present study PAGE analysis showed each of these three dehydrogenases (MDH, ME and G6PDH) to be in two isoforms of each enzyme in mf lysate and in only one form in L 3 larval and adult worm lysates (Fig. 1, 2 & 3 ) suggesting their potential use in strain identification of filarial parasites. Marchat et al. (18) have separated LDH isoenzymes from filarial nematode (Melanoma dessetae) and reported that these enzymes could be valuable tools for phylogenic studies. Isoenzyme analysis has proved to be quite useful in strain differentiation in other parasites like Trypanosoma (19) Leishmaniasis (20), Entamoeba (21) . Malate dehydrogenase & Glucose-6-Phosphate dehydrogenase have also been shown to be key markers for studying the genetic diversity of Actinobacillus actinomycetemocomitants (22) .
In the present study, significant protease activity has been demonstrated both in microfilarial and infective larval lysates of B.malayi (Fig. 4) . While both mf and L 3 larval lysates showed optimal protease activity at alkaline pH of 9.0, the mf lysate showed additional increased activity also at pH 3.0 suggesting the differences in the set of proteases associated with each stage (Fig. 5 and 6 ). This is also in agreement with variations in the manner in which protease activity in the mf and L 3 larval lysates is affected by different inhibitors. While the azocollytic activity of infective larval lysate was markedly inhibited by TPCK, a thiol protease inhibitor, the protease activity in mf lysate is significantly inhibited by both TPCK and a serine protease inhibitor PMSF ( Fig. 7 and 8 ).
The proteases of both mf and L 3 larval lysates were analyzed by SDS-PAGE using gelatin copolymerized gels .The gels stained for protease activity showed complex array of proteases with varying molecular weights. While microfilarial lysate showed 3 protease molecules of 40kDa, 180 kDa & 200kDa , the L 3 larval (Fig-9 ). This heterogeneity in the composition of proteases in mf and L 3 larval stages might be appropriate considering the different host environments to which they are exposed.
We have no indications on the exact function of proteases invivo, although the collagenolytic and elastinolytic activity would be consistent with their tissue migratory function. In parasitic infections, diverse roles have been attributed to these enzymes, such as facilitation of invasion of host tissues (23), digestion of host proteins (24), evasion of the host's immune response (7, 25) , retardation of blood coagulation (26) and nutritive role (27) . The other important role of proteases could be to help in moulting and development of parasite. In Several nematode infections, parasite proteases have been demonstrated to induce protection. Proteases secreted by liver flukes (Fasciola hepatica) showed immunoprotection when used as vaccine candidates in cattle (28) . An anticoagulant metalloprotease produced by Ascaris caninum (29) has been shown The present study did help in demonstrating the different isoforms of selected dehydrogenases and multiple forms of proteases in B. malayi filarial parasite. Further studies as their multiform of enzymes in filarial parasite populations collected from different endemic areas and their role in host parasite interactions will help to explore their possible use for epidemiological typing or as diagnostic and prophylactic tools.
